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ABSTRACT
Objective: To evaluate the changes in nasal mucociliary clearance in orthodontic patients after
rapid maxillary expansion (RME) therapy.
Materials and Methods: Forty-two children (25 boys and 17 girls) participated in this study. The
RME group consisted of 21 patients (mean age, 13.8 years), who had undergone RME at the
initiation of orthodontic treatment. The control group consisted of 21 subjects (mean age, 13.6
years), who were attending the department of orthodontics for active orthodontic treatment. The
nasal mucociliary clearance was assessed by the saccharin test. Saccharin transit times (STTs)
were measured for each treated subject before expansion (T1), after RME (T2), and after a 3-
month retention period (T3). Records were obtained at the same time intervals for each group.
Results: The STT decreased significantly in the RME group after expansion and retention
(P , .05). A statistically significant difference was found when the STTs of the control and RME
groups were compared after expansion and retention (P , .05).
Conclusions: The STTs of young orthodontic patients with maxillary narrowness and without any
history of nasal or systemic disease were within normal limits. However, RME increased the
mucociliary clearance in patients who had maxillary narrowness, having positive effects on nasal
physiology and increasing nasal cavity volume. (Angle Orthod. 2016;86:250–254.)
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INTRODUCTION
Rapid maxillary expansion (RME) has been widely
used for the correction of maxillary width deficiency
and posterior crossbite by opening the midpalatal
suture. This method was first described by Angell1 in
1860 and popularized by Haas2 100 years later. Since
then, it has become a conventional orthodontic
treatment method, and many studies have been
performed to evaluate its orthopedic as well as its
orthodontic effects. The concept of RME was extended
to the nasal cavity because it was suggested that, with
the expansion, increases in nasal width and volume
are obtained.3–6 Previous studies showed that this
increase in nasal volume decreases nasal resistance
and improves air flow.7–10 However, the effect of these
changes on the quality of nasal respiration in ortho-
dontic patients has not been fully investigated. The
nasal cavity is specifically designed to prepare the air
before it passes into the lungs.11 It is believed that
nasal breathing contributes to the development of the
nasofacial complex and benefits overall health.12
Mucociliary clearance (MCC) plays a pivotal role in
defending the respiratory system from the nose and
upper airways to the lower respiratory tract. Cleaning
foreign particles over the respiratory mucosa and
keeping this mucosa moist are necessary for the
normal physiology of the nose. These abilities of the
respiratory mucosa depend on effective ciliary activity
and renewing of airway secretions. These are known
as mucociliary activity, and MCC is the most important
defense function of the upper and lower respiratory
tracts.13 There are several methods of evaluating
MCC. The saccharin test is one of the simplest,
fastest, cheapest, and most reliable methods used for
measuring MCC.14
The effect of RME on nasal MCC in orthodontic
patients has not been studied. The purpose of this
study was to evaluate the changes in nasal MCC after
RME therapy.
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MATERIALS AND METHODS
This study was approved by the Cumhuriyet
University Human Ethics Committee (Confirmation
No. 2012-08/06). Informed consent was obtained from
all participants and their parents.
The sample consisted of 42 patients who sought
orthodontic treatment at the Department of Orthodon-
tics of Cumhuriyet University. Inclusion criteria in-
cluded a transverse maxillary deficiency, bilateral
posterior crossbite, no previous orthodontic treatment,
and no history of nasal or systemic disease. Further-
more, the presence of adequate nasal anatomy and
cavity spaces was confirmed by anterior rhinoscopic
examination by a single qualified otolaryngologist.
Patients having the following conditions were excluded
from the study: diabetes mellitus, allergic rhinitis,
chronic sinusitis, nasal polyposis, concha bullosa,
turbinate hypertrophy, upper respiratory tract infection,
and patients who had become ill with rhinosinusitis in
the prior 2 weeks.
The RME group consisted of 21 patients (mean age,
13.83 years; range, 11 to 16), who had undergone
bonded acrylic cap splint RME at the initiation of their
orthodontic treatment. This group consisted of 12 boys
(57.1%) and 9 girls (42.9%). The control group
consisted of 21 subjects (mean age, 13.65 years;
range, 10 to 16), of which 13 were boys (61.9%) and 8
were girls (38.1%) (Table 1). This group was attending
the Department of Orthodontics of Cumhuriyet Univer-
sity and receiving active orthodontic treatment. The
control group patients were not subjected to any
interventional procedures during the study period.
Power analysis carried out to determine the number
of patients in the study groups led to the decision to
include 20 patients in each group (a 5 0.05, b 5 0.10,
and 12b 5 80). Having a total of 40 patients as
a sample size was thought be statistically appropriate.
The power of the test was found to be P 5 .93995. All
subjects and their parents volunteered for the study.
Table 1 shows the distribution of the two groups
according to gender.
A bonded acrylic cap splint RME appliance contain-
ing a hyrax screw (Dentaurum, Pforzheim, Germany)
was used to correct the posterior crossbite in the
treated subjects. The screw was activated two turns
a day until the occlusal aspect of the lingual cusp of the
maxillary first molars contacted the occlusal aspect of
the facial cusp of the mandibular first molars. At that
time, the screw was fixed with 0.014-inch ligature wire,
and the appliance left for 1 week to minimize
discomfort during removal. The expansion time was
2 or 3 weeks, with 6 mm–10 mm of activation. After
removal, a Hawley-type removable retention appliance
was used for 3 months.
Nasal MCC was assessed by the saccharin test,
which was performed on all subjects as described by
Nakagawa et al.15 Briefly, a 5-mg particle of saccharin
was placed 2 cm inside the nonobstructed nostril on
the inferior turbinate under visual control. The partic-
ipant remained seated with his or her head tipped
slightly forward while breathing normally (not forced),
without sneezing or blowing the nose and without
taking any substances that might interfere with the
test. A timer was displayed to measure the transit time.
Subjects were told to indicate when they noted any
particular taste. The actual taste they were to expect
was not specified in order to avoid false positives.
Saccharin transit time (STT) is the time elapsed from
the placement of the particle until the subject reports
the sweet taste of saccharin. All the data were
obtained by the same otolaryngologist for each treated
subject before RME (T1), after RME (T2), and after 3
months of retention (T3). The records were obtained at
the same time intervals for each group. All the
saccharin test measurements were done under the
same room conditions to avoid environmental effects.
Statistical Analysis
Data was obtained for each saccharin test at T1, T2,
and T3 for both the treated and the control group. The
results were calculated using the software SPSS for
Windows (release 15.0, SPSS Inc, Chicago, Ill). The
mean differences between groups were studied using
the unpaired t test according to time intervals. A
repeated analysis of variance (ANOVA) was per-
formed to compare differences according to time
intervals. The Bonferroni test was performed to
determine which time interval would show the differ-
ence. The level of statistical significance was estab-
lished at P 5 .05.
RESULTS
There was no statistically significant difference
between the groups according to age (P 5 .648) or
gender (P 5 .53). The STT in the RME group had
decreased significantly after expansion (T2; P , .05),
and it continued to decrease during the retention
period (T3); however, this decrease is not statistically
significant according to T2 (P . .05). The STT did not
decrease significantly in the control group during the
study period (P . .05). A statistically significant
Table 1. Distribution of Patients by Group According to Gender
RMEa Group Control Group
Sex n % n %
Male 12 57.1 13 61.9
Female 9 42.9 8 38.1
a RME indicates rapid maxillary expansion.
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difference was found when the STT of the control and
RME groups were compared after expansion and
retention (P , .05; Table 2).
DISCUSSION
The maxillary bones form approximately 50% of the
nasal cavity’s anatomic structure. Therefore, treatment
modalities that alter the morphology of the maxillary
dental arch, such as RME whose effects have been
noted in the midpalatal suture as well as in the
neighboring structures such as the internasal, naso-
maxillary, and frontomaxillary sutures, can affect the
geometry and function of the nasal cavity.5,16 Previous
investigators have reported that RME changes the
nasal cavity’s anatomy with an increase in nasal
volume, which in turn decreases nasal airway re-
sistance and establishes predominant nasal respira-
tion.7,8,17,18 However, the effect of these changes on
nasal MCC has not been truly understood. Wertz3
reported that no justification for airway enlargement
existed for RME unless an obstruction was present in
the anteroinferior aspect of the nose, the area most
affected by RME. On the other hand, RME has been
suggested as a treatment option for rhinostenosis
caused by a septal deformity, nasal infection, allergic
rhinitis, and obstructive sleep apnea,19,20 which were
reported as having prolonged STTs.21–24 In our study,
STT was decreased after both expansion and retention
in the RME group, compared with the control group
(Table 2). It is possible that this is primarily the result of
improved mucociliary function, which in turn is due to
the increase in nasal cavity volume, decrease in nasal
resistance, and improvement in air flow after RME.
The saccharin test and rhinoscintigraphy are the
most commonly used techniques for measuring nasal
MCC. Tc-99m-MAA is the most popular radiopharma-
ceutical used in rhinoscintigraphy.25 Although rhinos-
cintigraphy is a reliable and easily reproducible
technique, it has potential side effects. Therefore, in
our study, we used the saccharin test to evaluate nasal
MCC, which varies with location, climate, exposure to
tobacco smoke, and environmental pollutants.26 Stan-
dardization of room conditions and environmental
factors during the saccharin test is important for the
reliability of results. To standardize the temperature,
humidity, and atmospheric pressure among subjects,
we carried out the study within the same city with the
same climate, partial atmospheric pressure, and room
conditions. Patient selection was the other issue. The
subjects were selected from a group of healthy, young
orthodontic patients with narrow maxillas. Changes in
medical and systemic conditions and patients’ nasal
health were examined by the same otolaryngologist
before each measurement.
MCC is an important factor in normal nasal function.
It is the first line of airway defense against noxious
stimuli in the environment. Inhaled particles are
trapped within the mucus of the airways and are
transported to the pharynx by ciliary motion. Then they
are either swallowed or coughed up.27 Normal nasal
MCC time of children is in the range of 9.96 6 2.61
minutes in the orthostatic (upright) position.28 Lale et
al.26 concluded that the average STT for an adult free
from nasal disease is 7–15 minutes. They also
concluded that patients who have prolonged MCC
time—greater than 19 minutes—have a disturbed
nasal MCC. On the other hand, improvement in nasal
MCC decreases the STT. Homer et al.27 reported that
5% hypertonic saline douching solutions and isotonic
saline solutions improve mucociliary clearance more
than 3% in normal healthy subjects. Our results show







Mean 6 SD ANOVA
RME 10.71 6 2.23 7.09 6 1.99 6.14 6 1.52 F 5 37.87; P 5 .001*
Control 10.19 6 2.37 9.96 6 2.53 9.61 6 2.63 F 5 0.80; P 5 .455
Unpaired t test t 5 0.73; P 5 .467 t 5 3.65; P 5 .001* t 5 5.23; P 5 .001*
* P 5 .05.
Table 3. Saccharin Transport Times (Min) of RME Group
According to Time Intervals
Patient T1 T2 T3
S.K. 10 5 4
S.Y. 10 5 5
R.B. 10 9 9
E.N.Ş. 7 7 5
B.İ. 10 10 7
B.S.O. 13 11 7
R.H.S. 15 6 5
B.G. 13 10 6
M.A. 9 5 5
A.H.D. 16 6 5
A.U. 10 5 7
A.Ç. 8 8 6
E.Ç. 10 6 8
H.Ş. 9 6 6
H.K. 11 5 5
İ.E. 10 8 6
Ş.M.A. 11 5 3
G.N.Y. 12 8 6
Y.G. 9 6 8
Z.D. 13 8 8
T.H. 9 10 8
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that there is a negative correlation between increase in
nasal cavity volume and decrease in STT after RME
and retention.
Nasal mucus provides a continuous blanketlike lining
in the nasal cavity onto which particles in the turbulent
inhaled airstream impact and stick; 80% of particles
larger than 12.5 mm are filtered from the air before they
reach the pharynx.26 This property of respiratory
mucosa depends on effective ciliary activity and re-
newal of airway secretions. MCC may be disturbed
under a variety of conditions that affect ciliary activity,
including smoking. Although the STT of passive
smokers is within normal limits, nonsmokers, who have
a healthier nasal ciliary epithelium than smokers, have
a lower STT.29 Cazzolla et al.30 reported that the risk of
respiratory infections was reduced in mouth-breathing
children due to normalization of upper airway function
after RME. In our study, initial MCC times are within
normal limits in both the RME and control groups
(Table 2). However, STT was lower after RME and the
retention period in the RME group compared with the
control group. These results reveal that RME improves
MCC, which is a fundamental function required to
maintain the health and protective functions of the nose.
The results of this study show that otolaryngologists
should seek an orthodontic consultation for their
patients with upper airway problems and maxillary
narrowness to improve nasal breathing with RME.
Furthermore, these patients will, in all probability, have
an orthodontic indication. Further studies are required
using larger groups including long-term results for
better understanding the relation between nasal
breathing and RME therapy.
CONCLUSIONS
N The STTs of young orthodontic patients with
maxillary narrowness and with no history of nasal
or systemic disease are within normal limits.
N However, increasing nasal cavity volume by RME
increases the MCC in patients with maxillary
narrowness, resulting in positive effects on nasal
physiology.
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